MARKED-UP VERSION OF SPECIFiCATION 



Process for the Manufacture of Powderous Preparations of Fat-Soluble Substances 

FIELD 

The present invention is concerned with a novel process for the manufacture of 
water-dispersibie preparations of fat-soluble substances. 

BACKGROUND AND SUMMARY 

Water-dispersibie preparations of fat-soiuble substances, e.g. the fat-soluble 
vitamins, carotenoids, polyunsaturated fatty acids and the like, play an important 
role in the field of human and animal nutrition. Such preparations are usually 
marketed in the form of emulsions or dry powders because of their water- 
insolubility or also their more or less pronounced stability and ease of handling. It 
is a common feature of such preparations that the active substances, i.e. the fat- 
soluble substances, are usually enveloped with a matrix component (protective 
colloid), e.g. gum arabic or gelatine. This matrix component is responsible, inter 
alia, for the protection of the active substance or for its stabilization, for an 
optimum resorption and for the water-dispersibility of the final preparation which 
may be required. As the matrix component (protective colloid) there is normally 
used gelatine which originates from warm-blooded animals and which 
accordingly also has certain disadvantages. Merely by way of example there are 
to be mentioned here the fact that preparations based on such gelatine cannot 
be used worldwide for religious reasons, that without an expensive production 
process this gelatine and accordingly also the pulverous preparations 
manufactured therewith do not always have the desired dispersibility in cold 
water, etc. To overcome such drawbacks inherent to gelatine-base preparations 
the use of certain lignin derivatives as a matrix component instead of gelatine 
has been proposed, see, e.g., U.S. Pat. No. 5,668,183. A preferred process for 
the manufacture of such lignin derivative-based powderous preparations is the 
starch-catch process which is a spray-drying process where the sprayed 
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emulsion particles are collected in a bed of starch. The so-obtained products 
consist of particles comprising the matrix component and the fat-soluble 
substance embedded therein which are covered by an adhesive layer of starch. 
The term "beadlets" as used herein refers to such particles. 

Beadlets provide superiour handling properties in that they are not dusty and 
possess good flowablity characteristics. However, the production of lignin- 
derivative based beadlets and, generally, beadlets based on non-gelling matrix 
components, by the starch-catch process as described is accompanied by the 
formation of deposits in the spray tower which requires an interruption of the 
spray-drying process for cleaning the installation. It has now been found that the 
formation of deposit in the spray tower can be significantly suppressed or 
substantially avoided when a stream of cold air is introduced into the lower part 
of the spray tower, thus forming a fluidized bed which has a substantial, lower 
temperature than the temperature of the spray zone, whereupon the beadlets are 
discharged from the fluidized bed to a dryer to complete the drying process. 

Accordingly, in one aspect, the present invention relates to a process for the 
manufacture of beadlet preparations of fat-soluble substances in a water-soluble 
or water-dispersible non-gelling matrix, which process comprises 

(a) feeding in the upper section of a vertical spray tower, through a spray nozzle 
an aqueous emulsion of said fat-soluble substance(s) and said matrix 
component, and, through separate inlets, powderous starch and a stream of hot 
air, 

(b) feeding in the tower section of said spray tower a stream of cold air to form a 
fluidized bed of starch-covered beadlets comprising said matrix component said 
fat-soluble substances, and 

(c) collecting said beadlets from the fluidized bed and discharging them to a 
dryer. 

In a further aspect, the present invention relates to an arrangement of nozzles 
substantially as shown in FIG. 2. 
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In still another aspect the present invention relates to an installation substantially 
as shown in FIG. 1. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing an embodiment of a process according to the 
invention: 

FIG. 2 is a cross-sectional view of an exemplary nozzle embodiment according to 
the invention; and 

FIG. 3 is an enlarged cross-sectional view of a portion of the nozzl e depicted in 
FIG. 2. 

DETAILED DESCRIPTION 

FIG. 1 shows an installation which includes a spraying tower 10 for carrying out 
the process of the present invention. The spraying tower 10 can be any 
conventional spraying tower having at its top separate inlets for the emulsion flow 
tine 12 H4 which contains the fat-soluble substance, the matrix component and 
adjuvants, the fof fresh hot air flow line 14, and af2^-and4of-fe^yetif>§ hot air and 
starch recycle flow line 18^ In the middle part of the spraying tower 10 inlets 
are provided for ajresh supply of starch via line 18 144 and for recycled reevotim 
air from the dryer system 20 via lines 21 and 22.F91, At the bottom of the 
sprayinq4fytfH3 tower 10, inlets are provided for cold air via lines 24a and 24b. 
An f31. Through an outlet fine 26 is provided to allowfSl air and starch to be 
discharged from the bottom oft e&vim the spraying tower 1 0 and be a*e recycled 
via line 16. The bead lets, i.e., the starch-covered particles comprising the matrix 
with the fat-soluble substance arejs-collected at the bottom of the spraying tower 
10 and are ^discharged though an outlet via line 26( 74 to the a dryer 20 for 
removal offemownq residual humidity as required. A bead let powder is 
discharged from the dryer 20 via line 28. 
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ForjmEro yed fluidising the product in the internal fluidized bed of the s praying 
tgweriO ^sicjc acid may be added to the fresh starch via line 28. The silicic acid 
is added via line 28 continuously to the starch flow via line 18 which is fed into 
the internal fluidized bed of the spraying tower 10 as required to compensate 
st arch pick-up. Adjuvants may also be added at this location in the process. 

In a preferred embodiment, the spray-drying process according to the present 
invention is carried out using an arrangement of nozzles 30 at the tope of the 
spraying tower 10. An exemplary n ozzle 30 is sywrfafltiatiy-afi-shnwn in 
accompanying FIGS. F4Q- 2 an d 3. As shown, the nozzle 30-T-ne affsm§ement 




comprises a first, hollow cone 32 having the-upper and wider end ef-which is 
closed by a cover 34 havina and-Games one or more inlets 36 for a starch/air 
dispersion supplied thereto via line 16 . A second, inner cone 38Js fitted into the 
first, hollow outer cone 32_in such a manner that it points in upward direction into 
thesaM first cone 32 thereby definina ^leavli^ at its end a small circular slot 40 
between thejte-outer surface of the second cone 38 and the inner surface of the 
first cone 32_so that a the starch dispersion of starch powder SP can pass 
therethrough and into the hot air discharged via channel 46a (see FIG. 3). An 
eon e . In t he ax ic o f the-G&nes-a- inlet tube 42 is provided coaxiallv with the cones 
32, 38 to fef-supply of-the emulsion via line 12. The inlet tube 42 protrudes in 
downward direction throuq hover the second cone and terminate s enetog-with a 
rotary atomizer or pressure atomize r 44 rotated by means of motor 44a. The 
atomizer 44 distributes the emulsion, the air and starch stream as droplet 
streams 50 into the spray tower 10. The nozzle 30 arfafigeroent further has a 
conventional, circular air inlet channel 46 surrounding the outer cone 32 having a 
discharge channel 46a and-ending slightly above the circular slot 40 that is 
formed by the cones 32, 38 to receive and distribute the hot air supplied via line 
14. The nozzle 30 alsOr -T-he-ar-fangeme n t finally has appropriate means, e.g. a 
thread (not shown), to tightly fix it in the spraying tower 1 0. 

The dimensions of the nozzle SOawangemeflt is not narrowly critical and depends 
on the requirements of the spraying capacity. The first, outer cone 32 may have a 
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radius of about 30 to about 40 cm at its upper end and a height of about 40 to 
about 50 cm. The second, inner cone 38_may have a radius of about 20 to about 
26 cm at its lower end and a height of about 15 to about 25 cm. The width of the 
slot 40formed between the inner and outer cone is suitably about 3 to about 10 
mm. The inlet tube 42 for the supplying supply of -the emulsion suitably has a 
diameter of about 80 to about 110 mm and the rotary atomizer suitably have a 
diameter of about 32 to about 42 mm. The inlet tubes 36 for the supply of starch 
suitably have a diameter of about 3 to about 7 mm. The circular channel 46_for 
hot air supply suitably has a width of about 50 to about 70 cm. 

The temperature of the emulsion is suitably in the range of 1 5°C. to 80°C. The 
ratio of hot air flow to cold air flow may be e.g., in the range of 1 :8 to 1 :4 
(hotcold). The hot air suitably has a temperature to provide a temperature in the 
spray zone of about 40°C. to about 200°C, preferably about 60°C. to about 
120°C. Preferably, the hot air is dehumidified, e.g. to a water content of less than 
about 3 g/kg. For the fluidisation of the internal fluidized bed at the bottom of the 
tower cold and dry air (about 5-1 5°C.) with a water content of less than about 3 
g/kg is suitably used. The temperature of the internal fluidized bed is maintained 
within the range of about 0°C. to about 40°C, preferably about 5°C. to about 
20°C. by controlling the supply and temperature of the cold air. 

may l^adde^Tbe-sife^ staro h f l ow [ 4f which 

4s4e4-lr^©4l^e4nteffia44M 

The starch used in the process of the present invention is preferably corn starch. 
The term "fat-soluble substances" embraces in the scope of the present invention 
especially the fat-soluble vitamins A, D, E and K, carotenoids such as, for 
example, .beta.-carotene, astaxanthin, apocarotenal, canthaxanthin, apoester, 
citranaxanthin, zeaxanthin, lutein and lycopene. Examples for polyunsaturated 
fatty acids are e.g. linoleic acid, linolenic acid, arachidonic acid, docosahexaenic 
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acid, eicosapentaenic acid and the like. However, there readily come into 
consideration other fat-soluble substances which play a role in human or animal 
nutrition. These substances, such as the previously mentioned, are usually 
marketed in the form of emulsions or dry powders because of their insolubility in 
water or also their more or less pronounced stability and ease of handling. Here 
there can be mentioned, in particular, oils and fats such as, for example, 
sunflower oil, palm oil and beef fat. 

The matrix component in the emulsions that can be used in the process of the 
present invention is preferably a lignin derivative, especially a lignin derivative as 
described in U.S. Pat. No. 5,668,183 the contents of which are incorporated 
herein for reference purposes. Sodium, calcium and ammonium liginsulfonate 
are of particular interest. A mixture of several lignin derivatives can be used. 
Further examples of non-gelling matrix components for emulsions which can 
advantageously be processed into beadlet preparations (beadlets) in accordance 
with the present invention are modified starch, pectin and ceiluloseeefeose 
derivates. The emulsions which are processed in accordance with the present 
invention may further contain adjuvants conventionally used in such 
preparations, e.g. anti-oxidants such as butylated hydroxyanisole, butylated 
hydroxytoluene, ethoxyquin, tocopherols, or humectants such as glycerol, 
sorbitol, polyethylene glycol or propylene glycol. 

The invention is illustrated further by the Example which follows: 

EXAMPLE 

An emulsion comprising 3 wt % of active component, e.g., d,l-a-tocopherol 
acetate, 43 wt % of water, 50 wt % of lignin sulfonate and 4 wt % of additives is 
prepared and processed in an installation as shown in FIG. 1 . In the following the 
reference numerals tn^faskete-refer to the respective reference numerals in 
FIGS. 1r3. 
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Com starch is introduced into the spraying tower 10 through line i8.iBtet~{4V 
Subsequently, a flow of the emulsion via line 1214 4 is sprayed into the spraying 
tower 10th rough an arrangement of nozzles 30 as shown in FIG. 2. At the top of 
the tower 10_hot air ati2fof 80°C. with a water content of 8 g/kg is fed in via line 
14. 

For the fiuidization of the internal fiuidized bed at the bottom of the tower 10, 
cold; dried air ajJ3J-ef-10°C. with a water content of 1 g/kg is fed in via lines 24a 
and 24b. 

Fresh cornstarch f4f is added via fine 18 as required to compensate for starch 
pick-up by the beadiet formation. For fluidizing of the bead Set product in the 
internal fiuidized bed silicic acid [10} may be added continuously to the starch 
flow via line 28. The fresh cornstarch as well as the silicic acid is fed directly in 
the internal fiuidized bed. 

Exhaust air f§f leaves the tower 10 through a cylinder (not shown) in the middle 
of the conical co n e a t t he bottom 10a of the tower 10. The cornstarch in this air is 
separated by a cyclone 27and recycled to the tower Ipjdirectly in the atomizing 
zone) via line 16.^.- The temperature of this air is about 60°C, and the water 
content 12 g/kg. The recycled cornstarch via line 16f &j is atomized by two 
nozzles 36 in the outerifmef cone 32 of the nozzle 3Q.atem4zef-slewGer The finely 
distributed cornstarch fallsfells down on the outer cone 32and t he inner eontfa 
cone_38 and trickles afterwards through the circular slot 40&lrt that is formed by 
the two cones 32, 38 in the tower 10. 

The particles (beadlets) leaving the spraying tower 10 and containing some 
moisture are moved to an externa! dryer 20 which is operated using dehumidified 
air. The beadlets {44^ leaving the external dryer 20 via line 28 have an averaqesm 
avarage diameter of about 150-500 urn. 
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